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Background: 

Ketamine, an N-methyl-D-aspartate receptor antagonist, might play a role in postoperative analgesia, but its 
effect on postoperative pain after caesarean section varies with study design. We investigated whether the 
preemptive administration of low-dose intravenous ketamine decreases postoperative opioid requirement and 
postoperative pain in parturients receiving intravenous fentanyl with patient-controlled analgesia (PCA) 
following caesarean section. 

Methods: 

Spinal anesthesia was performed in 40 parturients scheduled for elective caesarean section. Patients in the 
ketamine group received a 0.5 mg/kg ketamine bolus intravenously followed by 0.25 mg/kg/h continuous infusion 
during the operation. The control group received the same volume of normal saline. Immediately after surgery, 
the patients were connected to a PCA device set to deliver 25-u.g fentanyl as an intravenous bolus with a 15-min 
lockout interval and no continuous dose. Postoperative pain was assessed using the cumulative dose of fentanyl 
and visual analog scale (VAS) scores at 2, 6, 24, and 48 h postoperatively. 

Results: 

Significantly less fentanyl was used in the ketamine group 2 h after surgery (P = 0.033), but the difference 
was not significant at 6, 12, and 24 h postoperatively. No significant differences were observed between the 
VAS scores of the two groups at 2, 6, 12, and 24 h postoperatively. 

Conclusions: 

Intraoperative low-dose ketamine did not have a preemptive analgesic effect and was not effective as an 
adjuvant to decrease opioid requirement or postoperative pain score in parturients receiving intravenous PCA 
with fentanyl after caesarean section. (Korean J Pain 2013; 26: 270-276) 
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INTRODUCTION 



The greatest concern of mothers undergoing cesarean 
section is postoperative pain [1]. When pain is not controlled 
appropriately, it can interrupt contact between mother and 
newborn and when postoperative pain is severe, it can delay 
early ambulation and discharge; thus, appropriate pain 
control after cesarean section is essential. 

Pain management after cesarean section can be ac- 
complished with various methods, but generally it is ach- 
ieved through a patient-controlled analgesia (PCA) device 
with opioids. Various drugs, such as non-steroidal anti- 
inflammatory drugs, local anesthetics, a2-adrenaline re- 
ceptor antagonists, and ketamine, have been used to en- 
hance the effect of PCA and reduce complications that can 
occur when large dose opioids are used alone [2-4]. Among 
these, the frequency of using low dose ketamine as an ad- 
juvant drug for local anesthesia or opioids in multimodal 
pain therapy is increasing gradually [5]. 

Ketamine is a non-competitive antagonist of the N- 
methyl-D-aspartate receptor (NMDA-R) that inhibits 
central sensitization and has a preemptive analgesic effect 
to relieve postoperative pain [6,7]. In particular, even when 
ketamine is administered in low doses with no anesthesia 
effect, it suppresses facilitation of pain related to NMDA-R 
[8]. 

Reports regarding the preemptive analgesic effect of 
ketamine administered to patients undergoing cesarean 
section are inconsistent [9—13]. Ketamine administered 
during surgery reportedly has a preemptive analgesic ef- 
fect, particularly in mothers receiving cesarean section 
under spinal anesthesia [10,11], whereas other reports con- 
tradict this result [13]. The contrasting results are consid- 
ered to be due to differences in administration time and 
dosages of ketamine, anesthesia method, and in the method 
for controlling postoperative pain. 

The purpose of this study was to investigate the pre- 
emptive analgesic effect of low-dose ketamine in pregnant 
mothers undergoing cesarean section under spinal anes- 
thesia and receiving opioids through an intravenous PCA 
device after the operation. 



MATERIALS AND METHODS 



The study was conducted on 40 pregnant mothers of 
ASA class 1-2, between 37-42 weeks of pregnancy, who 



were scheduled for cesarean section under spinal anesthesia. 
This study was approved by the Institutional Review Board, 
and consent was obtained from all subjects. Patients with 
psychological diseases, difficulties communicating, aller- 
gies to local anesthesia, inflammation in the spinal punc- 
ture area, coagulation disorder, administered analgesics, 
and those who underwent an emergency operation were 
excluded. The subjects were educated about PCA and the 
visual analogue scale (VAS, 0 = no pain, 10 = worst pain 
imaginable) before the operation. 

No premedication was administered, and patients were 
monitored by electrocardiogram, non-invasive arterial blood 
pressure, and pulse oximetry when they entered the oper- 
ating room. In the left lateral decubitus position, the dura 
was punctured between the L3-4 intervertebral space us- 
ing a 24-gauge Quincke spinal needle. After checking for 
cerebrospinal fluid, 10 mg 0.5% hyperbaric bupivacaine 
(Marcaine Spinal Heavy, AstraZeneca, UK) was injected. 
When systolic blood pressure decreased to < 90 mmHg, 
or 30% of the pre-anesthetic blood pressure, it was cor- 
rected by administering 5 mg ephedrine or 50 |xg 
phenylephrine. After administering bupivacaine, the height 
of the sensory block was checked by pinprick at 5-min in- 
tervals, and the maximum sensory block height was 
recorded. Fentanyl 50 |ug was administered up to two times 
based on either the patient's request or the decision of the 
anesthesiologist during surgery; if pain was still not con- 
trolled, the method was changed to general anesthesia, 
and the case was not included in the study analysis. The 
occurrence of over-sedation, nightmares, and hallucina- 
tions was examined as adverse side effects of ketamine 
administered during surgery. Over-sedation was defined 
when the patient could not remember the moment of 
childbirth. 

Patients were assigned to a control or ketamine group 
through random allocation using a computer. After spinal 
anesthesia and before making the incision, the ketamine 
group was intravenously (IV) injected with 0.5 mg/kg ket- 
amine, and ketamine was continually infused at 0.25 mg/ 
kg/h until the end of the operation [14]. The control group 
was IV injected with the same volume of normal saline. 
The ketamine and saline solution used in the experiment 
were administered using the double-blind method. 

After suturing the skin, a PCA device (AutoMed 3400, 
Acemedical, Seoul, Korea) was connected to the IV route 
of the patient. Fentanyl (25 |xg/ml) was prepared for the 
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PCA, and both groups were set with a demand dose of 1 
ml and a lockout interval of 15 min without a continuous 
dose [15]. 

The cumulative dose of fentanyl administered through 
the PCA device at 2, 6, 24, and 48 h after surgery was 
measured as the primary outcome of this study. The rest- 
ing and coughing VAS scores for the same time period 
were measured as secondary outcomes. Patient sat- 
isfaction (4 = very satisfied, 3 = satisfied, 2 = average, 
1 = unsatisfied, 0 = very unsatisfied) regarding pain control 
was measured 48 h after the operation. When the resting 
VAS score was ^ 5 or when the patient requested, ketorolac 
30 mg were additionally injected intramuscularly (IM), and 
the number of administered patients was recorded. All val- 
ues were measured by an anesthesiologist without knowl- 
edge of the patient grouping. 

The cumulative fentanyl dose is expressed as mean ± 
standard deviation and was compared using the unpaired 
f-test. The VAS scores and patient satisfaction are ex- 
pressed as median values and quartiles and compared us- 
ing the Mann-Whitney /J-test. The number of patients 
administered fentanyl during surgery and the number of 
patients administered ketorolac after surgery were com- 



Table 1. Demographic Data 



Age (yr) 
Height (cm) 
Weight (kg) 
Gestation (week) 



Ketamine group 
(n = 19) 



32.7 ± 3.7 

159.1 ± 6.8 

68.4 ±11.7 

38.5 ± 1.9 



Control group 
(n = 17) 



32.5 ± 3.6 

159.0 ± 4.3 

69.1 ±11.4 

39.2 ± 1.8 



Values are expressed by mean 
difference between groups. 



SD. There is no statistical 



Table 2. Intraoperative Analgesic Data and Duration of Surgery 



Ketamine group Control group 
(n = 19) (n = 17) 



Maximum sensory block height T6 (T4 — T6) T6 (T5— T6) 

Duration of surgery (min) 50.0 ± 13.5 49.7 ± 10.2 

Ketamine total dose (mg) 48.5 ± 10.4 49.7 ± 9.2 
Fentanyl 3 4 

Maximum sensory block height is expressed as median (inter- 
quartile range). Duration of surgery and ketamine total dose are 
expressed as mean ± SD. Fentanyl is expressed as the number 
of patients. There are no statistical differences between groups. 



pared with Fisher's exact test. A P value < 0.05 was 
considered to indicate significance. SPSS for Windows ver- 
sion 11.0 was used for the statistical analysis. In a pilot 
study, a 30% decrease from 1,000 (j.g in the mean cumu- 
lative dose of fentanyl during 48 h postoperatively was 
presumed to be a significant decrease, the required sample 
size was 16 for each group (a = 0.05, p =0.2, standard 
deviation = 300 fxg), and 20 subjects were assigned to 
each group considering a drop-out rate of 20%. 



RESULTS 



One subject in the ketamine group and three in the 
control group were excluded due to a failed spinal puncture 
or a switch to general anesthesia. Thus, the statistical 
analysis was performed on the values measured from the 
remaining 19 patients in the ketamine group and 17 in the 
control group. 

No differences in age, height, weight, or length of 
pregnancy were observed between the groups (Table 1). No 
differences in the maximum height of the sensory block, 
operating time, total administered dose of ketamine during 
surgery, and number of patients administered fentanyl 
during the operation were observed between the groups 
(Table 2). 

Three subjects in the ketamine group did not re- 
member the moment of childbirth due to over-sedation, 
but the difference was not significant. Nightmares and 
hallucinations did not occur in either group. 

The cumulative dose of fentanyl measured at 2 h after 
surgery was significantly lower in the ketamine group than 

Table 3. Postoperative Analgesic Data 





Ketamine 

(n = 


group 
19) 


Control group 
(n = 17) 


P value 


Fentanyl (ng) 










2 h 


58.0 ± 


27.5 


81.2 ± 30.4 


0.0330 


6 h 


189.0 ± 


63.1 


183.0 ± 48.7 


0.7381 


24 h 


602.4 ± 


113.8 


608.2 ± 83.7 


0.8951 


48 h 


1,068.8 ± 


314.9 


1,136.5 ± 303.6 


0.9507 


Ketorolac 


4 




6 


0.4629 


Satisfaction score 


3.0 (3 


-4) 


3.0 (2.75-4) 


0.3063 



Cumulative dose of fentanyl is expressed as mean ± SD. Ketorolac 
and satisfaction score are expressed as median (interquartile 
range). Significantly less fentanyl was used in the ketamine group 
2 h after surgery. 
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Table 4. Resting and Coughing VAS Scores 





Ketamine group 
(n = 19) 


Control group 
(n = 17) 


P value 


Resting VAS score 








2 h 


2.0 (1.8-3) 


3.0 (1.8-4) 


0.1519 


6 h 


3.0 (2.8-5) 


3.5 (3-5) 


0.8251 


24 h 


3.0 (2-4) 


3.0 (2-4.3) 


0.2359 


48 h 


2.5 (1 -3) 


2.0 (1 -2.3) 


0.4294 


Coughing VAS score 








2 h 


3.0 (2.8-4.3) 


4.0 (3-5.3) 


0.1746 


6 h 


5.0 (4-6.4) 


5.5 (4.5-6) 


0.7321 


24 h 


5.0 (4-5.3) 


4.5 (3.5-6) 


0.8360 


48 h 


4.0 (2-4.3) 


3.0 (2-4) 


0.4092 



Values are expressed as median (interquartile range). VAS: visual 
analog scale, There is no statistical difference between groups. 



that in the control group (P = 0.033), but no significant 
difference was observed at 6, 24, or 48 h after surgery 
(Table 3). No differences in the number of patients ad- 
ministered ketorolac up to 48 h after surgery or in patient 
satisfaction were observed between the groups. The rest- 
ing and coughing VAS scores measured at 2, 6, 24, and 
48 h after surgery were not significantly different between 
the two groups (Table 4). 



DISCUSSION 



When ketamine was administered to pregnant mothers 
receiving a cesarean section under spinal anesthesia from 
before the skin incision to the end of the surgery, the cu- 
mulative dose of fentanyl was lower than that in the control 
group at 2 h after surgery, but no difference was observed 
between the groups at 6, 24, or 48 h after surgery. 
Furthermore, no differences in VAS score, number of pa- 
tients administered ketorolac, or patient satisfaction were 
observed between the two groups. 

In studies of the preemptive analgesic effect of ket- 
amine, the pain reduction effect started immediately after 
the operation and continued up to 24 or 48 h after surgery 
[9-11]. In the present study, the cumulative dose of fentan- 
yl 2 h after surgery in the ketamine group was lower than 
that of the control group, but it was difficult to determine 
whether this result was due by the preemptive analgesic 
effect of ketamine. Ketamine has an analgesic effect at 
plasma concentrations of > 100 ng/ml [16], and the plas- 
ma concentration is maintained at this level or higher up 



to 1-2 h after the operation when administered at a dose 
of 1 mg/kg [9]. We did not measure the plasma concen- 
tration of ketamine, but an initial dose of 0.5 mg/kg and 
an additional continuous dose of 0.25 mg/kg/h were in- 
jected until the end of surgery; thus, the plasma concen- 
tration of ketamine was probably high enough to have a 
direct analgesic effect at 2 h after surgery. No differences 
was observed in the cumulative dose of fentanyl beginning 
6 h after surgeryand in VAS scores during the experiment! 
therefore, the ketamine administered in this study was 
considered to have no preemptive analgesic effect. This is 
contrary to reports that ketamine administered to preg- 
nant mothers undergoing cesarean section reduces post- 
operative pain or opioid requirements [9 — 11], but similar to 
other studies which reported no such effect [12,13]. 

The administered dose of ketamine may explain the 
preemptive analgesic effect of ketamine. Low-dose ket- 
amine is defined as an IV injection or epidural admin- 
istration of < 1.0 mg/kg, or an IM injection of < 2.0 
mg/kg [17]. Reza et al. [12] reported that the postoperative 
morphine requirement was not reduced in their study when 
0.5 mg/kg ketamine was administered, but the post- 
operative analgesic requirement was reduced when 1.0 
mg/kg was administered in a study by Ngan Kee et al. [9]. 
They explained that this was because when a high dose 
of ketamine is administered, it can reach a relatively higher 
plasma concentration to suppress NMDA-R activation 
compared to that of low-dose administration. However, 
there are other reports in which 0.5 mg/kg of ketamine 
was helpful for relieving postoperative pain after abdominal 
surgery [18,19], and even that the analgesic requirement 
after cesarean section was reduced with administration of 
a low dose of 0.15 mg/kg [10,11]. There is also a report 
that the morphine requirement was not different in three 
groups of cesarean section patients administered 0.25, 
0.5, or 1.0 mg/kg of ketamine [20]; thus, it is possible that 
the preemptive analgesic effect of ketamine is not dose 
dependent. Hence, an insufficient dose is unlikely to be the 
cause of the lack of relief of postoperative pain in our 
study. Moreover, a high dose of ketamine can cause psy- 
chomimetic effects and the mother may not remember the 
moment of childbirth! therefore, it is not an appropriate 
choice for mothers receiving spinal anesthesia. 

Researches into the preemptive analgesic effect of 
ketamine have been conducted mainly in patients under- 
going general anesthesia [17,21]. General anesthesia using 
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inhalation or intravenous anesthetics does not completely 
block sensory transmission regarding nociceptive input; 
therefore, secondary hyperalgesia can occur due to acti- 
vation of NMDA-R causing central sensitization and wind-up. 
This can be prevented by administering an NMDA-R 
antagonist. When sensory transmission is completely 
blocked by performing regional anesthesia using a local 
anesthetic, NMDA-R is not activated, so there is no addi- 
tional effect of an NMDA-R antagonist other than the pre- 
emptive analgesic effect of the local anesthetic. However, 
this is open to dispute because there are studies [10,11] 
reporting the preemptive analgesic effect of ketamine in 
patients undergoing spinal anesthesia using bupivacaine. 
In those studies, the pain of the patients during surgery 
was not addressed! thus, there is the possibility that suffi- 
cient height of the sensory block was not achieved. In our 
study, considering that the number of patients admini- 
stered fentanyl due to intraoperative pain was relatively 
small (ketamine group: three, control group; four), suffi- 
cient height of the sensory block was considered one of 
the reasons for the lack of a preemptive analgesic effect 
of ketamine, but further research regarding this point is 
necessary. 

The preemptive effect of ketamine can be determined 
by the degree of postoperative pain. The degree of post- 
operative pain after cesarean section can differ according 
to analgesic method. When several analgesic drugs are 
used to sufficiently control pain and are administered ap- 
propriately, the preemptive analgesic effect of ketamine 
may be hidden, and when only one type of drug is ad- 
ministered after surgery, there is a high possibility of in- 
sufficient pain control and the effect of ketamine could be 
larger [13]. In our study, pain was controlled with PCA us- 
ing fentanyl and ketorolac was additionally administered as 
needed; thus, a relatively sufficient amount of analgesic 
drug may be the reason for the lack of an effect of 
ketamine. However, this is open to dispute because keta- 
mine administered before the incision was effective in 
mothers who received morphine pain control with a PCA 
after cesarean section [9]. 

The effect of ketamine on postoperative pain appears 
differently according to the type and extensiveness of the 
operation, and the preemptive analgesic effect of ketamine 
is greater in cases that the postoperative pain is more 
severe. In a systematic review by Laskowski et al. [22], the 
effect of ketamine was greater in upper abdominal sur- 



gery, thoracotomy, or when the VAS score was > 7, com- 
pared to that of lower abdominal surgery or when the VAS 
score was < 4. The postoperative pain after cesarean 
section was not strong enough for the effect of ketamine 
to be clearly determined, which could be why the resting 
and coughing VAS scores were not different between the 
two groups in our study. Different results may have been 
observed if a moving VAS score was measured, where the 
degree of pain is relatively stronger. However, not only is 
this impossible to measure 2 h after surgery, it would also 
have been difficult to obtain the cooperation of the sub- 
jects later; thus, it was not selected as an outcome 
measurement. 

Suppa et al. [23] reported that the postoperative mor- 
phine requirement is reduced when 0.5 mg/kg S-ketamine 
IV is injected 10 min after childbirth and administered at 
a speed of 2 |xg/kg/h for 12 h in mothers receiving cesar- 
ean section under spinal anesthesia. They reported that 
preemptive analgesia is insufficient to prevent sensitiza- 
tion, and that preventive treatment should be performed 
during the entire perioperative period. However, there are 
also claims that the effect of ketamine on postoperative 
pain is unrelated to administration time or period [22], so 
there is a need for further research regarding this area. 

Different results have been reported on the psychomi- 
metic side effects of low dose ketamine administered to 
mothers undergoing cesarean section according to the re- 
search method. Menkiti et al. [11] reported that the differ- 
ence in frequency of adverse side effects such as sedation, 
headache, or hallucinations was not significant between a 
ketamine and control group, but the result was not reliable 
due to the small number of subjects. Suppa et al. [23] re- 
ported no severe complications in a group administered 
ketamine, but significant increases in drowsiness, dizzi- 
ness, and nystagmus were observed. In our study, severe 
complications were not significantly different between the 
groups, but three patients did not remember the moment 
of childbirth. Considering the specificity of pregnant 
mothers, a randomized controlled study of the psychomi- 
metic side effects of ketamine as the main research goal 
is necessary. 

A limitation of this study was that the effect of ket- 
amine administered before childbirth on the fetus was not 
measured. However, we used a relatively small amount of 
ketamine, and, according to other studies [20,24], the ef- 
fect of ketamine administered for anesthetic induction or 
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controlling delivery pain during cesarean sections on the 
fetus is not clinically important. Ketamine is neurotoxic to 
developing brains, but this is an adverse side effect ap- 
pearing in animal experimentation in which high doses 
were administered for long periods of time, and there is 
no confirmation of this effect on the human body [25]. 

In conclusion, 0.5 mg/kg ketamine was injected IV be- 
fore the skin incision and infused continually at 0.25 
mg/kg/h until the end of the operation in pregnant moth- 
ers receiving cesarean section under spinal anesthesia, but 
this treatment did not reduce the fentanyl requirement or 
postoperative VAS score. Further research is needed re- 
garding the postoperative pain relief effect and complica- 
tions according to administration time, period, and dosage 
of ketamine in pregnant mothers receiving cesarean sec- 
tion under spinal anesthesia. 
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